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(57) ABSTRACT 
A gripper is disclosed. The gripper has a frame which is 
connected to a mobile Subassembly including a fixed end and 
a mobile end respectively secured to a fixed arm and a mobile 
arm, and an actuator Supported on the fixed arm for moving 
the mobile arm and end relative to the fixed arm and end, 
along a first degree of freedom, in translation or rotation, and 
a balancing module introducing an additional degree of free 
dom, intranslation or rotation, which is offset outwards of the 
assembly formed by the mobile subassembly and the frame. 

18 Claims, 18 Drawing Sheets 
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1. 

GRIPPER FOR CLAMPING PLATES, USED IN 
COMBINATION WITH AMANIPULATOR 
ARM, AND OFFSET BALANCING MODULE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a U.S. national stage filing of Interna 
tional Patent Application No. PCT/FR2007/051290 filed on 
May 16, 2007, which claims priority under the Paris Conven 
tion to French Patent Application No. 06 04384, filed on May 
16, 2006. 

FIELD OF THE DISCLOSURE 

The present invention relates to all types of grippers 
intended to clamp plates and used in combination with a 
manipulator arm, called a robot. Said robot can serve either to 
move the tool around the assembly to be formed or, con 
versely, to move the assembly past the tool, which in this case 
is fixed to a rigid stand. 

BACKGROUND OF THE DISCLOSURE 

More specifically, this invention relates to resistance weld 
ing grippers, of the general type comprising a rigid frame 
connected to a Support Such as a rigid stand or manipulator 
robot, and a movable subassembly connected to the frame and 
having a first welding electrode, called the fixed electrode, 
which is secured to a first arm, called the fixed arm, a second 
welding electrode, called the movable electrode, secured to a 
second arm, called the movable arm, and a welding actuator 
Supported on said fixed arm in order to move the movable arm 
and electrode with respect to the fixed arm and electrode 
along a first degree of freedom in translation or rotation, so as 
to close or open the gripper, for the purpose of respectively, 
clamping an assembly of plates to be welded between the 
electrodes (which have been brought toward each other by the 
actuator), or releasing the assembly of plates (by separating 
the electrodes from each other by means of the actuator), the 
gripper also having a balancing module, which introduces an 
additional degree of freedom in translation or rotation, 
between said support, on the one hand, and, on the other hand, 
an assembly incorporating said movable Subassembly, in 
order to balance the forces which are exerted on the elec 
trodes, particularly in the closed position. 

SUMMARY OF THE DISCLOSURE 

In prior art resistance welding grippers, there are two pos 
sible kinematics for the movable arm and electrode, depend 
ing on the work to be done: 

the first degree of freedom is a translation of the movable 
arm and electrode with respect to the fixed arm carrying 
the fixed electrode, using linear guidance provided by 
the welding actuator, which is a linear actuator of any 
Suitable known type, which may be hydraulic, pneu 
matic, mechanical or electrical, and which directly 
moves the movable arm and electrode, the gripper being 
known in this case as a C or a J gripper, as shown in the 
appended FIGS. 1 to 5: alternatively, 

the first degree of freedom is a rotation of the movable arm 
and electrode around a shaft on the frame, with respect to 
the fixed arm carrying the fixed electrode, the gripper 
being known in this case as an X gripper or a scissor 
gripper, in which the welding actuator can once again be 
a linear actuator which is either mounted by its body on 
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2 
the fixed arm Support so that it can pivot around a shaft 
parallel to the articulation shaft of the movable arm and 
electrode, or is fixed rigidly to the same fixed arm Sup 
port, a suitable mechanical linkage with two degrees of 
freedom then enabling the rod of the actuator to move 
linearly in a given direction to follow the oscillating 
movements of the movable arm around the articulation 
shaft. The force for pivoting the movable arm and elec 
trode is transmitted from the actuator to the movable arm 
by a lever to which the movable arm is fixed and which 
pivots around the articulation shaft, the end of the actua 
tor rod pivoting on this lever, as shown in the appended 
FIGS. 6 and 7. 

In FIGS. 1 to 7, identical references indicate identical or 
similar components in the C and X grippers shown in the 
different positions described below. 

For the electrical spot welding of an assembly of plates 1, 
the C grippers of FIGS. 1 to 5 comprise, primarily, a fixed 
electrode 2 mounted at the end of a fixed arm 3 which is 
secured to the body 5 of a welding actuator 4, which may be, 
for example, of the pneumatic actuator type, whose piston 6 
and rod 7 move as one unit with a movable arm 8, in the 
extension of the rod 7, and the free end of which supports a 
movable electrode 9, these components forming a Subassem 
bly mounted to be movable with an additional degree of 
freedom which, in these drawings, also corresponds to a 
translation, on a frame 10 rigidly fixed to a Support which may 
be a manipulator robot or a rigid stand, this additional degree 
of freedom of the subassembly (2-9) with respect to the frame 
10 being provided by a module 11 described below. 

Similarly, in the X grippers shown in FIGS. 6 and 7, the 
fixed electrode 2 and the fixed arm 3 are fixed to a rigid arm 
support 12 which is mounted on a pivot shaft 13 around which 
a rigid lever 14 supporting the movable arm 8 and the movable 
electrode 9 pivots, the welding actuator4, which is also linear, 
pivoting by means of its body 5 on the support 12 around a 
shaft 15 parallel to the shaft 13, while the free end of the rod 
7 of the actuator 4 actuates the lever 14, on which the rod 7 
pivots around a shaft 16 which is also parallel to the shaft 13, 
so as to cause the movable arm 8 and electrode 9 to pivot with 
respect to the fixed arm 3 and electrode 2, by rotation around 
the shaft 13 which is supported by a rigid bracket 17 of the 
frame 10 of the tool, which is fixed rigidly to the tool support 
(a fixed stand or manipulator robot). 
An additional degree of freedom, which is a rotation, is 

imparted to the subassembly of the fixed and movable arms 
(3, 8) and electrodes (2.9) and the welding actuator 4 with 
respect to the frame 10 by the pivoting of this subassembly 
with the arm support 12 and the pivoting lever 14 around the 
shaft 13, by means of a module 21, whose structure and 
functions are described below. 
When the process of assembly by welding, which can start 

when the plates 1 are clamped between the electrodes 2 and 9. 
is automated, the gripper or the assembly of the plates 1 to be 
welded is carried on the end of an articulated arm of a manipu 
lator robot. However, in the most common embodiment of the 
welding process, as described below, the gripper is conveyed 
by the robot and positioned in front of the assembly of plates 
1, the problems being the same in the inverse case in which the 
assembly of plates 1 is conveyed and positioned in front of the 
gripper. 

According to the trajectory programming, the robot posi 
tions the fixed electrode 2 of the gripper in front of the assem 
bly of plates 1 to be welded. However, for technical reasons 
relating to: 

the positioning accuracy of the robot; 
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the uncertainty in respect of the geometry of the gripper 
(due to the machining and assembly tolerances of its 
components and possible wear of the electrodes 2 and 9 
during the process); and 

the error in the actual position of the assembly of plates 1 
with respect to its theoretical position, a certain distance 
must be specified, in the programming of the robot, 
between the theoretical position of the fixed electrode 2 
at the end of the fixed arm 3 and the theoretical position 
of the assembly of plates 1. 

This distance must be sufficient to ensure that there is no 
contact between the electrode 2 of the fixed arm 3 and the 
assembly of plates 1 during the dynamic phases of the move 
ment of the robot, in order to avoid any friction and/or pres 
sure of this electrode 2 on the plates 1 which might cause the 
marking, Scratching or deformation of the plates 1. 

In practice, in a resistance welding process, this distance is 
in the range from approximately 5 to approximately 15 mm, 
and is called the backing-off trajectory. 

After this phase of positioning the gripper with respect to 
the assembly of plates 1, the additional degree of freedom 
mentioned above is released in the gripper, in Such a way that 
the movable Subassembly incorporating the fixed and mov 
able electrodes and arms (2, 3, 8 and 9) and the welding 
actuator 4 can then move relatively to its frame 10, this 
relative movement, permitted by the aforesaid module 11 or 
21, being either a translation, parallel to that of the movable 
arm 8, as in the case of the C grippers of FIGS. 1 to 5, or a 
rotation around the shaft 13, as in the case of the X grippers of 
FIGS. 6 and 7, the purpose of this operation, called the dock 
ing operation, being to enable the electrode 2 of the fixed arm 
3 to make contact with the assembly of plates 1 to be welded. 

Ideally, this docking movement should be carried outcom 
pletely without any force or impact which might deform the 
plates 1, while this movement must be provided without a 
precise knowledge of the difference between the theoretical 
and actual positions of the assembly of plates 1 and the fixed 
electrode 2, for different masses of the gripper and different 
positions of its centre of gravity, regardless of the inclination 
of the gripper in space. 

After this docking operation, the welding actuator 4 is 
operated and moves the movable arm 8 in such a way that the 
movable electrode 9 is closed toward the fixed electrode 2 and 
clamps the assembly of plates 1 between the two electrodes 2 
and 9. After the movable electrode 9 has made contact with 
the plates 1, a phase of applying and increasing the welding 
force is carried out. However, if the gripper is closed in the 
unloaded state (in the absence of plates 1), the position of the 
contact point between the fixed electrode 2 and movable 
electrode 9 is shifted as a function of the difference in flex 
ibility between the fixed arm3 and the movable arm 8, the size 
of this shift or displacement being directly proportional to the 
degree of force applied. 

Consequently, in order to avoid any deformation of the 
plates 1, the position of the gripper (in other words, of its 
electrodes 2 and 9) must be corrected throughout the phase in 
which the force is increased, in Such a way that the contact 
point between the electrodes 2 and 9 corresponds at all times 
to the actual position of the assembly of plates 1, this opera 
tion being called the operation of balancing or centering the 
gripper on the assembly of plates 1. 
As in the case of the docking operation, for agripper having 

a specified mass, it should ideally be possible for this balanc 
ing operation to be carried out autonomously and at the same 
level of quality for all inclinations of the gripper in space. 
As a general rule, when the natural point of contact 

between the electrodes 2 and 9 is displaced toward the fixed 
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4 
arm 3, this is described as under-docking, and, conversely, 
when this natural point of contact is displaced towards the 
movable arm 8, this is described as over-docking. 
A docking operation and/or a balancing operation which is 

uncontrolled or poorly controlled runs the risk of causing a 
deformation of the plates 1 which would become irreversible 
because of non-compliance with the constraint of the elastic 
limit of the plates, or else after the completion of the assembly 
by welding, and an unbalance of forces between the two 
electrodes 2 and 9 (with a loss of force on the fixed arm 3 in 
the case of over-docking, or an increased force in the case of 
under-docking), resulting in a degradation of the quality of 
the assembly process. In fact, the extent of the deformation of 
the plates 1 with respect to the unbalance of forces between 
the two electrodes 2 and 9 is a function of the rigidity of the 
assembly and of the position of the gripping means. 

Finally, after the docking and balancing operations, it is 
necessary to carry out an operation, called the backing-off 
operation, to return the gripper to a reference position and 
keep it there, ideally in an equally autonomous way, without 
adjustment and for all orientations of the gripper in space. In 
what is called the backed-off position, the two electrodes 2 
and 9 are separated from the assembly of plates 1 and placed 
in an initial position from which the docking operation can be 
executed for the next spot weld. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

As mentioned above, in an application in which the gripper 
is fixed to a support and the assembly of plates 1 to be welded 
is conveyed by a manipulator robot, the problems remain the 
same, since it is still necessary to carry out the operations of 
docking and balancing the gripper with respect to the assem 
bly of plates 1, followed by backing-off (return to the refer 
ence position); it is only the inclination of the gripper that 
ceases to be a variable in this case. 

In prior art resistance welding grippers, as shown in FIGS. 
1 to 7, the docking, balancing and backing-off operations are 
permitted by the additional degree of freedom, in the form of 
the translation of the movable subassembly (2, 3, 4, 8,9) with 
respect to the frame 10 in C grippers, or the oscillation (rota 
tion) of the movable subassembly around a shaft 13 of the 
frame 10 in X grippers, and are provided by means of the 
module 11 or 21, in a C gripper or an X gripper respectively, 
which essentially comprises at least one translational guide 
box 11a or 21a, Supplemented if necessary by balancing 
springs, and at least one actuator 11b or 21b for docking, 
backing-off and locking and holding the movable Subassem 
bly in the backed-off position, this actuator 11b or 21b pos 
sibly having, if the guide box has no balancing spring, at least 
two resilient balancing means stressing in opposite directions 
at least one member of this actuator which is fixed to said box 
with respect to movement, for example a pneumatic actuator 
having two pressurized gas chambers, one on each side of a 
piston connected rigidly by the actuator rod to a slide 
mounted so as to be slidable by translation in the box, in order 
to provide two opposing balancing resilient means. 

In the balancing modules indicated by 11 in FIGS. 1 to 5 
and by 21 in FIGS. 6 and 7, the docking and backing-off 
functions are combined with the balancing function, and the 
means of implementing these three functions are combined to 
permit either a linear movement of the movable subassembly, 
also called the carriage, comprising the two arms 3, 8, the two 
electrodes 2.9 and the welding actuator 4, with respect to the 
frame 10 which is fixed rigidly to the support (see FIGS. 1 to 
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5), or a rotational movement of the movable subassembly 
with respect to the frame 10 (see FIGS. 6 and 7). 

In FIGS. 1 to 7, each of the balancing modules 11 and 21 
comprises a linear guide box 11a or 21a, which possibly 
carries out the additional function of docking and balancing 
by means of opposing springs, and a linear backing-off actua 
tor 11b or 21b, which possibly also carries out the function of 
docking and balancing if the box 11a and 21a has no balanc 
ing springs (FIGS. 4 and 5) or is not present (FIG. 7). 
When the three combined functions are carried out by 

oscillatory (rotational) movements of the movable Subassem 
bly with respect to the frame 10, the means of implementation 
can be transposed from those mentioned above, and can com 
prise at least one rotary docking and backing-off actuator, 
together with at least one box for rotational guidance and 
possibly for balancing by means of at least two opposing 
torsion springs. 

In FIGS. 1 to 3, the balancing, docking and backing-off 
module 11 of the prior art C gripper is composed of a box 11a 
with springs, for translation, docking and balancing, and a 
backing-off actuator 11b which is a single-acting actuator, 
generally of a pneumatic or hydraulic type. 
The box 11a has a rigid rectangular body 22, in which two 

identical cut-outs are formed, one being located in each of the 
two opposite large sides, and each being passed through by a 
respective one of two guide columns 23 which are identical, 
spaced apart, parallel to each other and to the large sides of the 
body 22, fixed to the body 22 at their two ends, and mounted 
slidably each in a corresponding one of two identical tubular 
slides or sleeves 24, parallel to the frame 10 and fixed thereto, 
while the body 22 is fixed rigidly under the body 5 of the 
welding actuator 4. 

Each of the two opposing axial end parts of each column 23 
which protrudes from each end of the corresponding sleeve 
24 is Surrounded by a respective one of two identical opposing 
helical springs 25, one axial end of each spring bearing on the 
body 22, at the corresponding end of the corresponding cut 
out, while the other axial end of each spring bears on the 
corresponding axial end of the corresponding sleeve 24. 
Thus, four balancing springs 25 bear on the sleeves 24 which 
are rigidly fixed to the frame 10 to stress the body 22 of the 
box 11a, and therefore also the movable subassembly which 
is rigidly connected to it, axially to one or other side, in order 
to balance the gripper, after the movable subassembly (2,3,4, 
8,9) has been translated as a result of the docking movement 
from the backed-off position (the initial reference position) of 
FIG. 1 to the balancing position of FIG. 2, by the inversion of 
the two positions of the fluid drive valve 26, which is inter 
posed between the actuator 11b on the one hand, and a pres 
surized fluid supply pipe and a fluid return pipe on the other 
hand. 

Initially, the movable subassembly has been brought to the 
backed-off position (FIG. 1), in which the fixed electrode 2 is 
separated from the plates 1, by admitting pressurized fluid 
into the operating chamber 27a, which is delimited in the 
cylinder 27 of the actuator 11b by the piston 28 which is fixed 
by means of the rod 29 to the body 22 of the box 11a, until the 
piston 28 is made to bear on the cylinder 27. This movement 
of the piston 28 and of the rod 29 causes the translation of the 
assembly composed of the body 22 of the box 11a and the 
movable subassembly (2, 3, 4, 8, 9) in the direction which 
compresses the springs 25 on the right of the sleeves 24 and 
relaxes the springs 25 on the left of the sleeves 24. The 
movable subassembly is then connected rigidly to the frame 
10 and the gripper is in the reference position, called the 
backed-off position. The reversal of the valve 26 causes the 
fixed electrode 2 to dock against the plates 1 as a result of the 
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6 
evacuation of the operating chamber 27a of the actuator 11b 
which was previously under pressure, under the action of the 
relaxation of the previously compressed springs 25, causing 
the body 22 of the box 11a to be translated in the opposite 
direction together with the movable subassembly (2, 3, 4, 8, 
9), which is thus released from its stop, until the movable 
subassembly and the body 22 of the box 11a are balanced 
between the two opposing pairs of springs 25 (see FIGS. 2 and 
3). 
The Sroke of the docking operation depends on the stiffness 

and tension of the springs 25, the mass and inclination of the 
load to be balanced, and any friction which may retard the 
movement of the load. 
When the balanced position has been reached, the movable 

subassembly retains a degree of axial flexibility, due to the 
springs 25. 

In this example, the cylinder 27 of the actuator 11b is fixed 
rigidly, like the sleeves 24, to the frame 10, and the body 22 of 
the box 11a is fixed rigidly to the movable subassembly. In a 
variant, the sleeves 24 can be fixed to the movable subassem 
bly, and the body 22 of the box can be fixed to the frame 10, 
in which case the rod 29 of the piston 28 of the actuator 11b 
passes through the body 22 and drives the sleeves 24. In 
another variant, the cylinder 27 of the actuator 11b can be 
fixed to whichever of the body 22 and the sleeves 24 which is, 
or are, fixed to the movable subassembly, in which case the 
rod 29 of the piston 28 bears on the other (or others) of the 
aforesaid element or elements which is, or are, fixed to the 
frame 10, to move the movable subassembly in translation 
with respect to the frame 10, against the action or under the 
action of the springs 25. 

In the C gripper variant of FIGS. 4 and 5, the box 11a 
differs from that of FIGS. 1 to 3 only in the absence of the 
springs 25, and consequently does not carry out the docking 
and resilient balancing function, but only that of guiding the 
translation of the movable subassembly with respect to the 
frame 10 by means of the columns 23 and the sleeves or slides 
24. 
The docking and balancing function is provided by the 

backing-off actuator 11b, which is a double-acting pneumatic 
actuator in which the cylinder 27 is fixed to the frame 10 and 
the rod 29 of the piston 28 is fixed to the body 22 of the box, 
which is itself fixed to the body 5 of the welding actuator 4. 
The pneumatic operation is provided by the two-position 
valve 26 which interacts with a control valve 30 for control 
ling or stopping the Supply of compressed air to one 27a of the 
two operating chambers 27a and 27b of the actuator 11b (the 
right-hand chamber in FIGS. 4 and 5) or the evacuation of this 
chamber, the compressed air being evacuated from the other 
operating chamber 27b or supplied to this other chamber 27b 
through the valve 26. 

Initially, the chamber 27a of the actuator 11b is supplied 
with fluid, while the chamber 27b is evacuated through the 
valve 26 so as to push the piston 28 back until it bears on the 
cylinder 27, thus also pushing back the movable subassembly 
into the backed-offposition (the reference position bearing on 
the frame 10) by means of the rod 29, in such a way that the 
movable subassembly is then connected rigidly to the frame 
10 (FIG. 5), the fixed electrode 2 being separated from the 
plates 1. The valve 30 can be used to isolate the pneumatic 
actuator 11b in this position, in order to hold the gripper in this 
backed-off position. 
The docking and balancing operations are then carried out 

by causing the reversal of the valve 26 in order to re-pressur 
ize the chamber 27b while using the valve 30 to control the 
pressure difference between the two chambers 27a and 27b of 
the actuator 11b, so as to move the piston 28 and the rod 29. 
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and consequently the movable Subassembly, thus bringing the 
fixed electrode 2 into contact with the plates 1 (docking) and 
compensating the effect of the mass of the load (balancing— 
see FIG. 4). 

Because of the control of the pressure difference between 
the chambers. 27a and 27b, and as a result of the difference in 
active area between the two opposite sides of the piston 28 
due to the presence of the rod 29, the gripper is finely balanced 
over the whole of the stroke required for the docking opera 
tion. By using at least one proportional drive controller for the 
valve 26 and the control valve 30, the balancing operation can 
be carried out for all orientations of the gripper in space 
during the execution of the welding process. 

Docking, balancing and backing-off are thus carried out 
pneumatically in this variant of the C gripper. 

In this last-mentioned variant, the two chambers. 27a and 
27b containing pressurized gas on either side of the piston 28 
which is connected rigidly by the rod 29 to the body 22 of the 
box, and therefore to the movable subassembly, form the two 
opposing resilient balancing means. 

Similarly, the variants of the X gripper shown in FIGS. 6 
and 7 differ from each other in that the gripper of FIG. 6 
benefits from spring balancing by means of the guide box 21a 
of the module 21 which also provides the docking function, 
while the backing-off functions are provided by the single 
acting pneumatic or hydraulic actuator 21b, whereas, in the 
gripper of FIG. 7, the balancing module 21 does not comprise 
a guide box, but simply a double-acting pneumatic actuator 
21b which carries out the functions of docking, balancing and 
backing-off the gripper. 

In FIG. 6, the guide and balancing box 21a comprises a 
piston 31, fixed to a rod 32 mounted pivotably on the arm 
support 12 around a shaft parallel to the rotation shaft 13, and 
the piston 31 is mounted slidably in a cylinder 33 which is 
mounted pivotably, at its end opposite to that through which 
the rod 32 passes, on the rigid bracket 17 of the frame 10, 
around a shaft which is also parallel to the rotation shaft 13, 
the cylinder 33 housing two opposing helical springs 34, each 
bearing on one of the ends of the cylinder 33 at one end, and 
bearing on a respective one of the two opposite sides of the 
piston 31 at the other end. Thus the two springs 14 balance the 
movable subassembly in its rotation around the shaft 13 with 
respect to the frame 10, in the same conditions as the springs 
25 of the C gripper of FIGS. 1 to 3. 
The single-acting linear actuator 21b of the X gripper of 

FIG. 6 has its cylinder 35 and its rod 36 mounted so that their 
opposite ends pivot, respectively, on the rigid bracket 17 of 
the frame 10 and on the arm support 12, around shafts parallel 
to the shaft 13, and the piston37, fixed to the rod 36, delimits 
in the cylinder 35 an operating chamber 35a (on the side of the 
rod 36) which is selectively made to communicate, through 
the same two-position fluid valve 26 as that of FIGS. 1 to 5. 
with a pressurized fluid supply line or with a return pipe for 
this fluid, the supply of pressurized fluid to this operating 
chamber 35a enabling the piston 37 to be made to bear on the 
pivotably mounted part of the cylinder 35, thus pivoting the 
arm Support 12 and consequently the movable Subassembly 
supported thereby, by rotation around the shaft 13, to bring 
this movable subassembly into the backed-off position (the 
initial reference position), in which the fixed electrode is 
separated from the plates 1, and hold it there, while the piston 
31 inside the box 21a is moved toward the outside of the 
cylinder 33 (on the side of the rod 32), thus compressing one 
of the springs and relaxing the other. When the control valve 
26 is reversed, the operating chamber 35a of the actuator 21b 
is depressurized by being put into communication with an 
exhaust line 26a. Under the action of the balancing springs 
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34, the piston 31 returns to a balanced position inside the box 
21a, causing the arm Support 12 to pivot with respect to the 
rigid bracket 17 of the frame 10, this pivoting of the arm 
support 12 simultaneously exerting a pull on the rod 36 of the 
actuator 21b, whose piston 37 is moved in the direction which 
tends to reduce the volume of the operating chamber 35a, thus 
causing the fixed electrode 2 at the end of the fixed arm 3 
connected to the Supportarm12 to come into contact with the 
plates 1, in the docking and balancing position. 

In FIG. 7, the pneumatic balancing of the gripper is pro 
vided by the actuator 21b which, as mentioned previously, is 
a double-acting pneumatic actuator, operated by the valve 26 
and the control valve 30 used in the same conditions to pro 
vide the pneumatic balancing of the C gripper of FIGS. 4 and 
5. The operation of the valve 26 causes the chamber 35b of the 
actuator 21b to be connected to the exhaust line 26a and 
therefore depressurized. The piston 37 then comes to bear on 
the pivoting end of the cylinder 35, enabling the gripper to be 
held in this backed-off position. 
The docking and balancing operations are then carried out 

by causing the valve 26 to be reversed in order to repressurize 
the chamber 35b and by using the valve 30 to control the 
pressure difference between the two operating chambers 35a 
and 35b, so as to compensate the torque around the rotation 
shaft 13 created by the mass and the position of the centre of 
gravity of the movable Subassembly, and, as in the example of 
the C gripper of FIGS. 4 and 5, at least one proportional drive 
controller is preferably used to ensure that the balancing 
operation can be carried out with the same flexibility for all 
orientations of the gripper in space during the welding pro 
CCSS, 

Thus, according to the prior art, in both C grippers and X 
grippers, the backing-off, docking and balancing functions 
are provided by means which form an integral part of the 
gripper, since they are mounted between the movable Subas 
sembly of the two arms, two electrodes and the welding 
actuator, on the one hand, and the frame rigidly connected to 
the gripper Support on the other hand, these functions requir 
ing an additional degree of freedom in the gripper (which is 
added to the degree of freedom provided by the welding 
actuator), either in the form of a translational movement 
(linear docking) or in the form of a partial rotation (curvilin 
ear docking by oscillation around a rotation shaft). 

In all cases, the movable part of the gripper in the course of 
these backing-off, docking and balancing operations is the 
Subassembly comprising the fixed arm and electrode, the 
movable arm and electrode and the welding actuator (the 
principal actuator for closing the gripper), but is never the 
gripper as a whole. 
The fundamental concept of the invention is that the bal 

ancing function is provided not by means forming an integral 
part of the tool, but by means mounted outside the actual 
gripper, while the known pneumatic, hydraulic, electromag 
netic or electromechanical means are retained for the balanc 
ing operation, in order to benefit from the following advan 
tages. 
The balancing function can be provided as an option, with 

out adding to the cost of the basic gripper; this is a particularly 
valuable feature in the case of applications not requiring the 
balancing function, for example where the docking and posi 
tioning of the fixed electrode on the assembly of plates are 
provided directly by the manipulator robot. In this case, the 
additional degree of freedom related to this balancing func 
tion should be eliminated in the gripper, since the robot, 
which has a sufficient degree of accuracy, is informed about 
the change in the geometry of the gripper, relating in particu 
lar to the wear of the electrodes and the shift of the contact 
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point between the electrodes when force is applied. Because 
of the knowledge of these values, the uncertainty in respect of 
the relative positioning of the plates is reduced, and the robot 
itself can carry out the operations for docking the gripper on 
the plates, this solution having the advantage of being eco 
nomical due to the elimination of the degree of freedom in the 
gripper body, and being effective regardless of the orientation 
of the gripper in space. 

Another advantage of the invention is that the balancing 
module (composed of the balancing means) can be standard 
ized and common to all grippers, regardless of their kinemat 
ics, while simultaneously enabling the basic gripper to be 
simplified considerably because of a major reduction in the 
number of components. 

For this purpose, the invention proposes a gripper which is 
intended to clamp plates and which is used in combination 
with a manipulator arm, called a robot, the gripper compris 
1ng: 

a rigid frame connected to a Support, such as a rigid stand 
or said robot, 

a movable Subassembly, connected to said frame, and hav 
ing: 
a first arm, called the fixed arm, 
a second arm, called the movable arm, and 
an actuator, Supported on said fixed arm in order to move 

the movable arm with respect to the fixed arm, along 
a first degree of freedom, in translation or rotation, so 
as to close or open the gripper, in order to clamp an 
assembly of plates between the fixed and mobile 
arms, or to release the assembly of plates, respec 
tively, and a balancing module, introducing an addi 
tional degree of freedom of translation or rotation 
between the Support, on the one hand, and an assem 
bly incorporating said movable Subassembly on the 
other hand, in order to balance the forces which are 
exerted on the respective ends of the fixed and mov 
able arms in the closed position, the arrangement 
being characterized in that said balancing module is 
offset outside the assembly formed by said movable 
Subassembly and said frame. 

This offsetting of the balancing module outside the assem 
bly formed by the movable subassembly and the frame does 
not in any way prevent the balancing module from being 
combined, in the way known from prior art resistance welding 
grippers and described above with reference to FIGS. 1 to 7, 
with docking means for bringing the fixed end into contact 
with the assembly of plates by the movement of said movable 
subassembly after the release of said additional degree of 
freedom, following an initial positioning of the open gripper 
with an initial clearance between the assembly of plates and 
the fixed end, and/or with backing-off means, for moving the 
movable subassembly to a reference position in which it is in 
abutment with respect to said Support and holding it there, the 
balancing module being advantageously combined with 
docking means and with backing-off means in a gripper 
according to the invention. 

According to the invention, the balancing module can be 
mounted to form an interface between two parts of said Sup 
port, a first of these parts being fixed to said frame and/or to 
the movable subassembly while the second part forms the rest 
of the support or is fixed to the rest of the support, but the 
balancing module is advantageously mounted to form an 
interface between said Support and said frame and/or movable 
Subassembly. 
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In the latter case, it is advantageous for the balancing 

module to be fixed to a side of the frame supporting the 
movable subassembly and/or the body of the actuator of the 
movable subassembly. 
The balancing module can, as in the case of the known prior 

art balancing modules, allow translational or rotational move 
ments of the movable subassembly and its frame with respect 
to the Support, by constructing the combined balancing, dock 
ing and backing-off module as an independent module fixed 
to one of the sides of the gripper, at the interface at the point 
at which the gripper is fixed by its frame to the support, which 
may be of the fixed Support stand or manipulator arm type. 

Regardless of whether the balancing module allows trans 
lational or rotational movements of the movable subassembly 
and its frame with respect to the Support, the balancing mod 
ule advantageously comprises: 

at least one box for guiding the relative movement, along 
the additional degree of freedom, between the movable 
Subassembly with its frame and the Support, 

at least two resilient balancing means applying opposing 
stresses to at least one member which is guided in the 
guide box, or is fixed to said box with respect to move 
ment, and 

at least one actuator for docking and backing-off the mov 
able Subassembly and for securing and holding it in the 
backed-off position. 

In particular, in a gripper of the C type, having a linear 
movement of the movable arm with respect to the fixed arm, 
the balancing module is advantageously installed in Such a 
way that the translational movements allowed by said module 
are substantially parallel to the movements of the movable 
arm, and are therefore Substantially perpendicular to the plane 
of assembly of the plates. 

Advantageously, in a gripper of the X type, having rota 
tional movements of the movable arm with respect to the fixed 
arm, the balancing module, which can be the same as that 
mounted on a C gripper, is installed in Such a way that the 
translational movements allowed by the module are also sub 
stantially perpendicular to the plane of assembly of the plates, 
and therefore substantially parallel to the direction of the two 
electrodes placed end to end in the closed position of the X 
gripper. 

In an advantageous embodiment, in which the structure 
and the mounting of the balancing module on the grippers of 
one or other of the C and X types is simplified, and the 
construction of these grippers is also simplified, the balancing 
module is mounted on a first face of an interface plate which 
is turned toward a member which is fixed to the support, the 
module bearing on this member so as to move said interface 
plate, the second face of which is fixed to the frame and/or to 
the movable Subassembly. Advantageously, the balancing 
module can be mounted on said first face of said interface 
plate in one or other of at least two positions allowing trans 
lational movements substantially parallel to either one or the 
other, respectively, of at least two directions which are 
inclined with respect to each other, and which are preferably 
Substantially perpendicular to each other, in the plane of said 
first face, according to whether the gripper is of the C type or 
the X type, in which the movable arm moves by translation or 
rotation, respectively, with respect to the fixed arm. 

Preferably, in this case, said second face of the interface 
plate is provided with means for rigidly fixing the fixed arm 
and the actuator of the movable subassembly. 
The gripper according to the invention is advantageously a 

resistance welding gripper and the respective ends of the fixed 
and movable arms are welding electrodes. 
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In a welding gripper of this type, as in the C and X grippers 
according to the prior art, a welding transformer is advanta 
geously incorporated in the assembly formed by the movable 
Subassembly and the frame, and is fixed to the frame and/or to 
the fixed arm. 

In this case, the welding transformer is advantageously 
fixed rigidly to said second face of the interface plate. 

Advantageously, in order to make the balancing module 
and the interface plate fully interchangeable between X grip 
pers and C grippers, said interface plate is also pierced with a 
through hole designed to receive an articulation shaft of the 
rotatably movable arm, said articulation shaft preferably 
being additionally mounted in a reinforcing plate fixed rigidly 
between said articulation shaft and the welding actuator, in a 
gripper of the X type. 

Additionally, when a welding transformer is fixed to the 
second face of the interface plate, two electrical conductors 
are advantageously fixed to the output of the welding trans 
former, each being intended to supply power to a respective 
one of the two movable and fixed arms of the movable sub 
assembly, the conductor for connection to the fixed arm 
extending from the transformer outlet to a clamping sleeve 
which is fixed to and projects from the second face of the 
interface plate, so as to fix the fixed arm rigidly to said inter 
face plate. 

In an embodiment which is particularly suitable for pro 
Viding interchangeability between Cand X grippers, the grip 
per according to the invention is provided with a module 
whose guide box advantageously has a rigid rectangular 
frame which is passed through in a way parallel to two oppo 
site sides, preferably the large sides, by two guide columns, 
fixed rigidly to said interface plate, spaced apart from each 
other and parallel, and guided with respect to translation at 
their ends on bearings fixed to the frame, at least one barbeing 
fixed securely to the columns and being connected to the rod 
of a linear actuator of the jack type, parallel to the columns 
and extending between them, the cylinder of the actuator 
being fixed to the frame of the box, the frame being fixed 
directly or by means of a rigid intermediate support to the 
manipulator arm or to a rigid stand, or, conversely, the frame 
being fixed rigidly to the first face of the interface plate and 
the rigid subassembly formed by the columns and the bar or 
bars being fixed directly or by means of a rigid intermediate 
Support to the manipulator arm or to a rigid stand, in such a 
way that the actuator can provide docking and backing-off 
movements, at least one guide column being surrounded by 
two opposing helical springs, each of which has one end 
bearing on the frame and the other end bearing on at least one 
of the bars, on the side opposite the other spring, or said 
actuator being pneumatic with two pressurized gas chambers, 
one on either side of a piston connected rigidly by the rod to 
at least one of the bars, in order to form the two opposing 
resilient balancing means. 

Other characteristics and advantages of the invention will 
be made clear by the following non-limiting description of 
examples of embodiments described with reference to the 
appended drawings, in which: 

FIG. 1 is a schematic view, partially in axial section and 
partially in side elevation, of a C gripper according to the prior 
art with a spring balancing module, in the backed-off posi 
t1on; 

FIG.2 is a view similar to FIG. 1, showing the C gripper in 
the docking/balancing position; 

FIG.3 is a schematic view, partially in plan and partially in 
horizontal section, of the C gripper in the same position as in 
FIG. 2: 
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FIG. 4 is a view similar to FIG. 2 of a C gripper according 

to the prior art having a pneumatic balancing module, in the 
docking/balancing position: 

FIG. 5 is a view similar to FIG.3 of the C gripper of FIG. 
4, in the backed-off position; 

FIG. 6 is view similar to FIG. 1 of an X gripper according 
to the prior art with a spring balancing module, in the dock 
ing/balancing position; 

FIG. 7 is a view similar to FIG. 6 of an X gripper according 
to the prior art having a pneumatic balancing module, in the 
same position as in FIG. 6; 

FIG. 8 is a schematic view, partially in side Elevation and 
partially in section, of a C gripper with a pneumatic balancing 
module, similar to that of FIGS. 4 and 5, but with the inde 
pendent balancing module placed at one side of the gripper 
and with linear guidance parallel to the vector n perpendicu 
lar to the plane of assembly of the plates: 

FIGS. 9 and 10 are schematic views, in plan and from the 
face respectively, of the C gripper with the pneumatic balanc 
ing module of FIG. 8: 

FIGS. 11, 12 and 13 are views similar to FIGS. 8, 9 and 10 
respectively for an X gripper, similar to that of FIGS. 6 and 7. 
fitted with the same independent pneumatic balancing mod 
ule as the C gripper of FIGS. 8 to 10, this module also being 
mounted on one of the sides of the gripper and having its 
linear guidance parallel to the vector n perpendicular to the 
plane of assembly of the plates: 

FIGS. 14 and 15 are schematic perspective views, from the 
gripper side and from the module side respectively, of another 
C gripper with an interface plate supporting the correspond 
ing independent balancing module: 

FIGS. 16 and 17 are views, similar to FIGS. 14 and 15 
respectively, of an X gripper with the same interface plate: 
and 

FIG. 18 is a view of the interface plate which is common to 
both the C type and the X type of gripper. 

According to the invention, as shown in FIGS. 8 to 18 and 
as described below, both C grippers and X grippers, which 
have the same basic structure and operate on the same prin 
ciple as the similar prior art grippers, are also fitted with a 
balancing, docking and backing-off module, which itself is 
constructed in the same way as the known structures to oper 
ate on the same principles as the similar prior art modules. 
Consequently, in FIGS. 8 to 18, the same reference numerals 
are used to denote the components of the gripper according to 
the invention which are identical or similar to those of the 
prior art grippers, and the components of the balancing, dock 
ing and backing-off module according to the invention which 
are similar to those of the prior art, since grippers fitted with 
these modules according to the invention are not distin 
guished from prior art grippers fitted with these modules 
except in the position of the modules, which are offset to the 
outside of the grippers themselves, where the term “gripper” 
denotes the assembly formed by the movable subassembly of 
each gripper and the corresponding frame, said movable sub 
assembly including the two arms and the two electrodes, fixed 
and movable, together with the welding actuator. 

According to the invention, the balancing module, which is 
advantageously combined with docking and backing-off 
means, is, in a first example, mounted as an interface between 
two parts of the support (such as a fixed standora manipulator 
arm), where a first part is fixed to the frame which itself is 
fixed to the body of the welding actuator of the gripper, while 
the second part forms the rest of the support or is fixed to the 
rest of the Support. In another example, and as described 
below with reference to FIGS. 8to 18, the balancing, docking 



US 8,308,211 B2 
13 

and backing-off module is mounted as an interface between 
the support, on the one hand, and, on the other hand, the frame 
fixed to the body of the welding actuator, and therefore to the 
movable subassembly of the gripper. In the preferred 
examples of embodiment of FIGS. 8 to 18, the balancing, 
docking and backing-off module is transferred, in the form of 
an independent module, to one side of the gripper itself. 
forming an interface between the frame and the support. 

In these examples, the independent balancing module 
which is described and illustrated offers one degree of free 
dom in translation, the advantages of which can also be 
obtained with an independent offset balancing module, trans 
posed from those described and illustrated, to provide a bal 
ancing movement by partial oscillation of the gripper assem 
bly itself (the movable subassembly and the frame) around a 
shaft. 

In grippers according to the invention, the balancing opera 
tion cantherefore be carried out equally well by either a linear 
movement or a rotational movement. 

In a first example, the gripper with the pneumatic balanc 
ing, docking and backing-off module of FIGS. 8 to 10 has the 
gripper structure itself and the same pneumatic balancing, 
docking and backing-off module structure as that of the grip 
per described above with reference to FIGS. 4 to 5, the only 
differences being that the frame 10 is made in the form of a 
vertical plate fixed directly to one side of the body 5 of the 
welding actuator 4 which supports the fixed arm 3 with the 
fixed electrode 2 and which moves the movable arm 8 with the 
movable electrode 9 linearly, the body 22 of the guidebox 11a 
being fixed directly to the face of the frame plate 10 on the 
side opposite the face of this frame plate 10 connected to the 
movable subassembly (2, 3, 4, 8, 9), and the body of the 
cylinder 27 of the pneumatic balancing, docking and backing 
off actuator 11b being fixed directly to a vertical plate 38, 
which itself is fixed to the vertical part of a rigid angle bracket 
39, forming a support element 40 for the gripper, this support 
40 possibly being, as stated above, either a fixed stand or a 
manipulator arm. 

Another difference is that the two slides or sleeves 24, in 
which the two guide columns 23 of the guide box 11a are 
guided in longitudinal translation parallel to the direction of 
movement of the movable arm 8, are rigidly connected to the 
support plate 38. Thus the rod 29 connected to the piston of 
the double-acting pneumatic actuator 11b, which is supplied 
as shown in FIGS. 4 and 5 by a distributor 26 and a control 
valve 30 (not shown), moves the body 22 and the guide 
columns 23 of the guide box 11a by sliding in the sleeves 24 
fixed to the support 38-40, parallel to the direction of move 
ment of the movable arm 8 and electrode 9. 
Thus the box 11a, and more generally the pneumatic bal 

ancing, docking and backing-off module 11, is mounted on 
one of the sides of the assembly formed by the movable 
subassembly (2, 3, 4, 8, 9) and the frame 10 of the gripper, 
with its guidance parallel to the vector n perpendicular to the 
plane of assembly of the plates 1. Clearly, the operation of the 
gripper itself and of its module 11 is identical to the operation 
described above with reference to FIGS. 4 and 5. 

In a variant, four springs such as the springs 25 of FIGS. 1 
to 3 can be mounted around the ends of the two guide columns 
23 in the box 11a of FIGS. 8 to 10, in order to form a guide and 
resilient balancing box 11a, in which case the actuator 11b 
can be simply a single-acting pneumatic or hydraulic actuator 
providing the functions of docking, backing-off, and holding 
the gripper in the backed-off position, as described above 
with reference to FIGS. 1 to 3. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
Thus the welding gripper itself does not incorporate the 

functions of balancing, docking and backing-off, and the 
independent balancing, docking and backing-off module is 
mounted as an interface between the gripper itself, on the one 
hand, and the support, of the fixed stand or manipulator arm 
type, on the other hand. 

Additionally, as is known in the prior art, a welding trans 
former 41 is advantageously incorporated in the gripper itself. 
being fixed to the body 5 of the welding actuator 4 and/or to 
the frame plate 10. 
The second example shown in FIGS. 11 and 13 is that of an 

X gripper, in which the gripper structure itself is the same as 
that of the X gripper of FIGS. 6 and 7, and which is fitted with 
an independent balancing, docking and backing-off module 
11 identical to that of the C gripper of FIGS. 8 to 10, but 
oriented at 90° to the orientation of the module 11 of the 
example in FIGS. 8to 10, with respect to the general direction 
of movement of the welding actuator 4. 

This is because, in the X gripper of FIGS. 11 to 13, the 
electrode 9 at the end of the movable arm 8 is fixed as before 
to the lever 14 pivoting around the oscillation shaft 13 on the 
frame 10, which is rigidly connected to the fixed arm 3 with 
the fixed electrode 2, and on which the body 5 of the welding 
actuator 4 is mounted pivotably around the shaft 15, the rod 7 
of the actuator also pivoting at its end around the shaft 16 on 
the lever 14, enabling the actuator4 to cause the oscillation of 
the movable arm 8 and of the lever 14 around the shaft 13, in 
order to open or close the gripper on the assembly of plates 1 
to be welded. 

However, by contrast with the prior art shown in FIGS. 6 
and 7, the part of the frame 10 to which the fixed arm3 and the 
body 5 of the actuator 4 are rigidly fixed cannot be pivoted 
around the oscillation shaft 13, with respect to the rest of the 
frame 10, by means of the double-acting pneumatic actuator 
which provides the functions of balancing, docking and back 
ing-off, or by a resilient balancing guide box combined with 
a single-acting backing-off actuator, but the frame 10 takes 
the form of a vertical lateral frame plate, on one face of which 
are mounted the components of the movable subassembly, 
namely the fixed arm 3 and the fixed electrode 2, the movable 
arm 8 with the movable electrode 9 and the lever 14, and the 
welding actuator 4, as well as the shafts 13 and 15. 

In the same way as in FIGS. 8 to 10, a welding transformer 
41 can also be fixed to this face of the welding plate 10, whose 
other face is rigidly connected to the body 22 of the guidebox 
11a, which is positioned in such a way that, in this example, 
its two guide columns 23 which are parallel and spaced apart 
are vertical and slide longitudinally in the two bushes 24 fixed 
to one face of the vertical support plate 38, which is itself fixed 
by its other face to a supporting angle bracket 39 which is 
rigidly connected by its upper arm to the support 40 (a fixed 
stand or a manipulator arm), to form a connection between 
this support 40 and the gripper, the body 27 of the double 
acting pneumatic actuator 11b, which provides the pneumatic 
balancing, docking and backing-off functions, also being 
fixed rigidly to the support plate 38, and in such away that its 
rod 29 is fixed to the body 22 of the guide box 11a, in order to 
obtain, in this example as before, guidance parallel to the 
vector n perpendicular to the plane of assembly of the plates 
1. 

In this case also, the pneumatic balancing, docking and 
backing-off module 11 is mounted by means of the box 22 on 
one of the sides of the frame 10 of the gripper, forming an 
interface between this frame 10 and the support plate 38, the 
angle bracket 39 and the support itself 40, while the angle 
bracket 39 and/or the support plate 38 can be omitted, if 
necessary, depending on the configuration of the support 40. 
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In a variant, and also in the example of FIGS. 8 to 10, the 
module 11 can be mounted to form an interface between the 
plate 38 and the vertical arm of the angle bracket 39, the body 
22 of the guidebox 11a being fixed for example to the plate 38 
and the two sleeves 24 together with the body 27 of the 
actuator 11b being fixed to the angle bracket 39, or the module 
11 can be mounted to forman interface between the horizon 
talarm of the angle bracket 39 and the support 40, the body 22 
of the guide box 11a being fixed, for example, to the angle 
bracket 39 and the two sleeves 24 and the body 27 of the 
actuator 11b being fixed to the support 40. 

In another variant, in the example of FIGS. 11 to 13, the 
columns 23 can be surrounded, on either side of the sleeves 
24, with balancing springs 25, as in the prior art shown in 
FIGS. 1 to 3, in such a way that the movable subassembly of 
the gripper, together with the frame and, possibly, one or more 
Supporting part or parts fixed rigidly to the frame, are bal 
anced between the springs. In this case, as also in the prior art 
shown in FIGS. 1 to 3, the associated actuator 11b can be a 
single-acting hydraulic or pneumatic actuator, providing the 
backing-off function only. 

Therefore, in the example of the C gripper of FIGS. 8 to 10, 
and in the example of the X gripper of FIGS. 11 to 13, the 
same balancing module 11 can allow translational move 
ments of the movable subassembly (2, 3, 4, 8, 9) and of its 
frame 10 with respect to the support 40, the actuator 11b 
combined with the guidebox 11a of this module 11 providing 
backing-off by enabling the movable subassembly (2, 3, 4, 8, 
9) to be returned to the reference position in which it is in 
abutment with respect to the support 40. In both examples, the 
translational movements allowed by the module 11 are sub 
stantially perpendicular to the plane of assembly of the plates 
1 to be welded, being also substantially parallel to the move 
ment of the movable arm 8 in the example of the C gripper of 
FIGS. 8 to 10, and substantially parallel to the direction of the 
two electrodes 2 and 9 placed end to end in the closed position 
of the X gripper of FIGS. 11 to 13. 

FIGS. 14 and 15 show another example of a C gripper 
according to the invention, viewed respectively from the side 
of the gripper itself in the closed position, and from the side of 
the independent balancing module with the gripper open, the 
gripper itself being mounted on one face of one side and the 
independent balancing module being mounted on the face of 
the opposite side of a rigid interface plate which is shown in 
FIG. 18 and which is common to the example of the C gripper 
of FIGS. 14 and 15 and the example of theXgripper of FIGS. 
16 and 17, as described below. 
As shown in FIG. 14, the interface plate 42 has, on its face 

44 on the side of the gripper itself, two plates 45a and 45b for 
mounting the welding actuator 4, of which one, namely the 
plate 45a, is used to fix the body 5 of the welding actuator 4 
rigidly against the face 44 of the interface plate 42, on the C 
gripper of FIGS. 14 and 15. 
On the same face 44 there are rigidly fixed the welding 

transformer 41, possibly using a frame plate Supplementing 
the interface plate 42 to form the rigid frame 10, and a split 
sleeve 46 fixed to and projecting from this face 44 of the 
interface plate 42, the opposite end of the fixed arm 3 from the 
fixed electrode 2 being inserted into this split sleeve and 
clamped therein by screwing the two parts of the split sleeve 
46 toward each other, to fix the fixed arm 3 rigidly to the 
interface plate 42. Two electrical conductors 48 and 49 are 
fixed to two secondary outputs 47 of the transformer 41, one 
of these conductors, namely the conductor 48, fixed under the 
other conductor 49, being intended to provide the power 
supply to the fixed arm3, and therefore extending from one of 
the secondary outputs 47 of the transformer 41 to the clamp 
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ing sleeve 46, in such a way that the end of the fixed arm 3 
inserted into this sleeve 46 and clamped therein is in electrical 
contact with the rigid conductor 48. The other rigid conductor 
49 provides the power supply to the movable arm 8 and the 
movable electrode 9 at the free end of the movable arm, 
preferably using a flexible electrical and fluid connection 
device 50 for supplying power through at least one central 
flexible conductor in a flexible sheath which simultaneously 
supplies cooling water to the movable electrode 9 through the 
movable arm 8, to which this flexible connecting device 50 is 
connected, as shown in FIG. 14. 

FIG.15 shows that the independent balancing, docking and 
backing-off module 11' is mounted on the other face 43 of the 
interface plate 42, this other face 43 being turned toward a 
member fixed to the Support, for example toward a Support 
plate such as the plate 38 or toward the vertical arm of the 
supporting angle bracket 39 of FIGS. 10 and 13, the module 
11' being able to bear on this member to move the interface 
plate 42 and, together with it, the movable subassembly (2,3, 
4, 8, 9), and/or the frame 10 if present, forming the gripper 
itself. 
As in the preceding examples, the module 11' is formed by 

a guide box 11" a and an actuator 11'b. However, in this 
example the actuator 11'b is mounted inside the guide box 
11'a. 

This guidebox 11"a has a rigid rectangular frame 51 passed 
through, in a direction with is parallel to two of its opposite 
sides, preferably the larger sides, by two guide columns 23 
which are fixed rigidly to said interface plate 42 by screws 
through orifices 56 formed in the columns 23. The columns 
23 are spaced apart, parallel and guided with respect to trans 
lation at their ends on bearings fixed to the frame 51. At least 
one bar 52 is fixed securely to the columns 23 and is con 
nected to the rod 29 of a linear actuator 11'b of the jack type, 
which is parallel to the columns 23 and extends between 
them, and whose cylinder 27 is fixed to the frame 51 of the box 
11'. The frame 51 is itself screwed by means of the taps 53 to 
the manipulator arm or to a rigid stand 40, with the interpo 
sition of a support plate such as 38 or the vertical arm of the 
supporting angle bracket 39 of FIGS. 10 and 13, in such away 
that the actuator 11'b can cause the docking, balancing and 
backing-off of the gripper. Said actuator 11'b is pneumatic, 
with two pressurized gas chambers, one on each side of a 
piston connected rigidly by the rod 29 to at least one of the 
bars 52, in order to form the two opposing resilient balancing 
means as described in FIGS. 8, 9 and 10. 

In this example, the box 11'a is a guide box only, the 
actuator 11'b being a double-acting pneumatic actuator pro 
viding the functions of pneumatic docking, balancing and 
backing-off; however, in a variant the parts of the columns 23 
on either side of the bar 52 can be surrounded by four helical 
springs to provide spring balancing, in which case the box 
11'a is a guide and resilient balancing box, the actuator 11'b 
possibly being a single-acting hydraulic or pneumatic actua 
tor providing the backing-off function only. 

Thus, since the rigid subassembly (23.52.29) is fixed to the 
face 43 of the interface plate 42, and since the frame 51 is 
rigidly fixed to the Support, the actuator 11'b can cause linear 
movements of the rigid subassembly (23, 52, 29) with the 
interface plate 42 and the gripper itself on the otherface of this 
plate 42, parallel to the direction of movement imparted by 
the welding actuator 4 to the movable arm 8 and electrode 9. 
in other words substantially perpendicularly to the plane of 
the assembly of plates to be welded. 
When the box 11"a provides resilient balancing, each col 

umn 23 is Surrounded by two opposing helical springs such as 
the springs 25 of the prior art example shown in FIGS. 1 to 3. 
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each spring bearing at one end on the frame 51 and at the other 
end on the bar 52, on the opposite side from the other spring. 
The gripper itself, with the transformer 41 and the interface 
plate 42, is then balanced between the springs. 
When the box 11"a provides longitudinal guidance only, 

the actuator 11'b is pneumatic, with two pressurized gas 
chambers, such as the chambers 27a and 27b on either side of 
a piston, such as the piston 28 of the actuator of FIGS. 4 and 
5, and is connected rigidly by the rod 29 to the bar 52, in order 
to form two opposing resilient balancing means. 

In a variant, the rigid subassembly (23, 52,29) of the box 
11'a can be rigidly fixed to the support and the frame 51 can 
be rigidly fixed to the face 43 of the interface plate 42, in 
which case the fixing plate 54 on the face 43 of the interface 
plate 42 being designed so that it can fix the frame 51 in either 
one or other of at least two positions in which the frame 51 is 
oriented in such a way that it can slide along the columns 23 
in two directions perpendicular to each other, to enable the 
same interface plate 42 and the same module 11' to be used on 
an X gripper also, as shown in FIGS. 16 and 17. 

In order to be compatible with an X gripper also, the 
interface plate 42 also has a circular transverse aperture 55. 
forming a bearing designed to receive the oscillation shaft 13 
of the lever 14 which rigidly supports the movable arm 8 with 
the movable electrode 9 of the X gripper, as shown in FIG. 16. 
In FIG. 16, a reinforcing plate 56 is fixed rigidly between the 
end of the articulation shaft 13 and the body 5 of the welding 
actuator4, which is mounted so that its body 5 can pivot on the 
plate 45b on the face 44 of the interface plate 42. As in the 
preceding examples of X grippers, the rod 7 of the welding 
actuator 4 is also mounted so that its end outside the body 5 
can pivot in an upper yoke of the lever 14 which is thus 
oscillated together with the movable arm 8 by the actuator 4 
around the shaft 13. 

In order to provide the balancing, docking and backing-off 
functions of this X gripper, the same independent module 11, 
as that of the C gripper of FIGS. 14 and 15 is mounted on the 
otherface 43 of the interface plate 42, but, in order to allow for 
the fact that, in this X gripper, the two electrodes 2 and 9 are 
at the ends of the arms 3 and 8 which are curved towards each 

other, and that the vector n perpendicular to the plane of 
assembly of the plates to be welded is therefore oriented 
substantially vertically, and not substantially horizontally as 
in the C gripper of FIGS. 14 and 15, this independent module 
11' is fixed to the mounting plate 54 on this face 43 of the 
interface plate 42 in such a way that the columns 23 of the 
guidebox 11'a and the actuator 11'bare oriented substantially 
vertically, which is easily permitted by screwing four bolts 
through orifices 57 in the columns 23 to fix the rigid subas 
sembly (23, 52,29) of the guide box 11'a, the mounting plate 
54 being therefore provided with tapped bores. 

Thus the module 11', which operates in the same conditions 
and in the same way as in the C gripper of FIGS. 14 and 15. 
still provides a degree of freedom in translation perpendicu 
larly to the plane of the assembly of plates to be welded. 
The balancing, docking and backing-off module 11' can 

therefore be mounted on the face 43 of the interface plate 42 
in one or another of four positions allowing translational 
movements substantially parallel to one or other of two direc 
tions which are substantially perpendicular to each other, in 
the plane of the face 43, two positions opposite each other 
corresponding to the substantially horizontal direction, for a 
C gripper as shown in FIGS. 14 and 15, and the other two 
opposite positions corresponding to the substantially vertical 
direction, for theXgripperas shown in FIGS. 16 and 17. If the 
directions of action of the balancing module have to be 
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18 
inclined with respect to each other, when changing from a C 
gripper to an X gripper and vice versa, without these direc 
tions being perpendicular to each other, the means for fixing 
the rigid frame 51 to the plate 54 of the interface plate 42 must 
be designed accordingly. 

In the different embodiments of X and C grippers accord 
ing to the invention, it will be noted that the offsetting of the 
balancing, docking and backing-off functions to the outside 
of the assembly formed by the movable subassembly of the 
gripper itself and its frame makes it possible to have a larger 
number of components and subassemblies common to both 
types of gripper, while reducing the number of moving ele 
ments in the gripper itself. 

Another result is that the invention makes it possible to 
provide the balancing, docking and backing-off functions in 
the form of an optional independent module, without increas 
ing the cost of the basic gripper, which may be of the C or X 
type; this is particularly advantageous in the case of applica 
tions not requiring the balancing function, as in the case 
where positioning is provided by a robot. A further result is a 
considerable simplification of the basic gripper, and also of 
the balancing module, which can be common and standard 
ized for all grippers, regardless of whether their kinematics 
are of the X or C type, because the module is fixed to one of 
the lateral faces of the gripper, preferably with the interposi 
tion of an interface plate, on which it is simply necessary to 
orient the guidebox, or the guide and balancing box if appro 
priate, in order to provide a movement of the fixed arm and 
electrode which is substantially perpendicular to the plane of 
assembly of the plates. 
The invention claimed is: 
1. Agripper for clamping plates, to be used in combination 

with a manipulator arm called a robot, and comprising: 
a rigid frame, connected to a support; 

a movable subassembly connected to said frame, and 
having: 

a first arm, called the fixed arm, 
a second arm, called the movable arm, and 
an actuator supported on said fixed arm in order to move 

said movable arm with respect to said fixed arm, along 
a first degree of freedom, in translation or rotation, so 
as to adopt a closed position oran open position of the 
gripper, in order respectively to clamp an assembly of 
plates between said fixed and moving arms or in order 
to release the assembly of plates, and 

a balancing module, introducing an additional degree of 
freedom in translation or rotation between said support 
on the one hand, and an assembly incorporating said 
movable subassembly on the other hand, in order to 
balance forces which are exerted on ends of said fixed 
and moving arms respectively in said closed position, 
wherein said balancing module is offset to an outside of 
said assembly formed by said movable subassembly and 
said frame, forming an independent module, to one side 
of the gripper, and operatively connected between said 
support and at least one of said frame and said movable 
subassembly. 

2. The gripper as claimed in claim 1, wherein said balanc 
ing module is combined with docking means, enabling a fixed 
end of said fixed arm to be brought into contact with the 
assembly of plates, by a movement of said movable Subas 
sembly after a release of said additional degree of freedom, 
following an initial positioning of the gripper in open position 
with an initial clearance between the assembly of plates and 
said fixed end. 

3. The gripper as claimed in claim 1, wherein said balanc 
ing module is combined with backing-off means enabling 
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said movable subassembly to be returned to the reference 
position, in which said movable Subassembly is in abutment 
with respect to said Support, and kept there. 

4. The gripper as claimed in claim 1, wherein said balanc 
ing module is mounted to forman interface between two parts 
of said support, of which a first part is fixed to at least one of 
said frame and said movable Subassembly and a second part 
forms a rest of said support or is fixed to said rest of the said 
Support. 

5. The gripper as claimed in claim 1, wherein said balanc 
ing module is fixed on at least one of a side of said frame 
Supporting said movable Subassembly and a side of said body 
of said actuator of said movable subassembly. 

6. The gripper as claimed in claim 1, wherein said balanc 
ing module allows translational or rotational movements of 
said movable subassembly and of its said frame with respect 
to said Support. 

7. The gripper as claimed in claim 1, wherein said balanc 
ing module comprises: 

at least one guide box for guiding the relative movement, 
along said additional degree of freedom, between said 
movable Subassembly with said frame and said Support, 

at least two resilient balancing means which stress in oppo 
site directions at least one member which is guided in 
said guide box or which is fixed to said guide box with 
respect to movement, and 

at least one actuator for docking and backing-off said mov 
able Subassembly and for locking and holding said mov 
able subassembly in a backed-off position. 

8. The gripper as claimed in claim 7, wherein said balanc 
ing module is mounted on a first face of an interface plate 
which is turned toward a member fixed to said support, said 
balancing module bearing on said member to move said inter 
face plate which is fixed by a second face to at least one of said 
frame and said movable Subassembly. 

9. The gripper as claimed in claim 8, wherein said balanc 
ing module is mountable on said first face of said interface 
plate, in one or another of at least two positions allowing 
translational movements Substantially parallel to one or 
another, respectively, of at least two directions which are 
inclined to each other in a plane of said first face, according to 
whether the gripper is of the C type or the X type, which have, 
respectively, translational and rotational movements of said 
movable arm with respect to said fixed arm. 

10. The gripper as claimed in claim 8, wherein said second 
face of said interface plate is provided with means for rigidly 
fixing said fixed arm and said actuator of said movable Sub 
assembly. 

11. The gripper as claimed in claim 8, which is a resistance 
welding gripper and in that wherein said ends of said fixed 
and movable arms respectively are welding electrodes. 

12. The gripper as claimed in claim 11, wherein a welding 
transformer is incorporated in said assembly of said movable 
Subassembly and said frame, and is fixed to at least one of said 
frame and said fixed arm. 

13. The gripper as claimed in claim 12, wherein said weld 
ing transformer is fixed rigidly to said second face of said 
interface plate. 

14. The gripper as claimed in claim 13, wherein said sec 
ond face of said interface plate is provided with means for 
rigidly fixing said fixed arm and said actuator of said movable 
Subassembly and two electrical conductors are fixed on an 
output of said welding transformer, each conductor being 
arranged to Supply power to a respective one of said movable 
and fixed arms of said movable subassembly, the conductor 
intended for said fixed arm extending from said output of said 
transformer to a clamping sleeve which is fixed to and 
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projects from said second face of said interface plate to fix 
said fixed arm rigidly to said interface plate. 

15. The gripper as claimed in claim 8, wherein said inter 
face plate is pierced by a through hole designed to receive an 
articulation shaft of the rotationally movable arm, said articu 
lation shaft preferably being additionally mounted in a rein 
forcing plate fixed rigidly between said articulation shaft and 
the welding actuator, in an X type gripper. 

16. The gripper as claimed in claim 1, wherein said bal 
ancing module is fitted on a C type gripper, having a linear 
movement of said movable arm with respect to said fixed arm 
in Such a way that translational movements allowed by said 
balancing module are Substantially parallel to movements of 
said movable arm, and are substantially perpendicular to a 
plane of assembly of the plates. 

17. The gripper as claimed in claim 1, wherein said bal 
ancing module is fitted on an X type gripper, having a rota 
tional movement of said movable arm with respect to said 
fixed arm, in Such a way that translational movements 
allowed by said balancing module are Substantially perpen 
dicular to a plane of assembly of the plates, and are substan 
tially parallel to the direction of said two electrodes placed 
end to end in said closed position of the gripper. 

18. A gripper for clamping plates, to be used in combina 
tion with a manipulator arm called a robot, and comprising: 

a rigid frame, connected to a Support; 
a movable Subassembly connected to said frame, and hav 

1ng: 
a first arm, called the fixed arm, 
a second arm, called the movable arm, and 
an actuator Supported on said fixed arm in order to move 

said movable arm with respect to said fixed arm, along 
a first degree of freedom, in translation or rotation, to 
adopt a closed position or an open position of the 
gripper, in order respectively to clamp an assembly of 
plates between said fixed and moving arms or in order 
to release the assembly of plates, and 

a balancing module, introducing an additional degree of 
freedom in translation or rotation between said support 
on the one hand, and a assembly incorporating said 
movable subassembly on the other hand, in order to 
balance forces which are exerted on ends of said fixed 
and moving arms respectively in said closed position, 
wherein said balancing module is offset to an outside of 
said assembly formed by said movable subassembly and 
said frame, said balancing module comprising: 
at least one guide box for guiding the relative movement 

along said additional degree of freedom, between said 
movable Subassembly with said frame and said Sup 
port, 

at least two resilient balancing means which stress in 
opposite directions at least one member which is 
guided in said guide box or which is fixed to said 
guide box with respect to movement, and 

at least one actuator for docking and backing-off said 
movable Subassembly and for locking and holding 
said movable subassembly in a backed-off position, 

said balancing module being mounted on a first face of an 
interface plate which is turned toward a member fixed to 
said Support, said balancing module bearing on said 
member to move said interface plate which is fixed by a 
second face to at least one of said frame and said mov 
able subassembly, and 

said guide box having a rigid rectangular frame which is 
passed through in a way parallel to two opposite sides by 
two guide columns which are fixed rigidly to said inter 
face plate, are spaced apart from each other and parallel, 
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and are guided in translation at ends of said columns on 
bearings fixed to said fame, at least one bar being fixed 
securely to said columns and being connected to a rod of 
a linear actuator of the jack type, parallel to said columns 
and extending between said columns, a cylinder of said 
actuator being fixed to said frame of said guide box, said 
frame being fixed directly or by means of a rigid inter 
mediate Support to a manipulator arm or to a rigid stand, 
or, conversely, said frame being fixed rigidly to said first 
face of the said interface plate, while a rigid Subassem 
bly formed by said columns and said bar or bars is fixed 
directly or by means of a rigid intermediate Support to 
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said manipulator arm or to said rigid stand, in Sucha way 
that said actuator can provide docking and backing-off 
movements, at least one guide column being Surrounded 
by two opposite helical springs, each of which has one 
end bearing on said frame and on the other end bearing 
on at least one of said bars, on the side opposite the other 
spring, or said actuator being pneumatic with two pres 
Surized gas chambers, one by either side of a piston 
connected rigidly by said rod to at least one of said bars, 
in order to form two opposite resilient balancing means. 
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